Introduction {#sec1-1}
============

Despite several decades of research efforts devoted to studying the patterns of chronic kidney disease-end stage renal disease (CKD-ESRD) progression as well as the impact of acute kidney injury (AKI) on this continuum of CKD-ESRD evolution, a full understanding of the process (es) of CKD-ESRD progression remains elusive.\[[@ref1]\] The common consensus of a predictable, linear, progressive, relentless and time-dependent decline in renal function, with predictably increasing serum creatinine values over time leading inexorably to ESRD is widely accepted.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] AKI on CKD is a well-recognized phenomenon, but again this is usually assumed to be transient with usual expected recovery of renal function or at the worst, some loss of residual renal function.\[[@ref8][@ref9][@ref10]\] The association between AKI and ESRD is unclear, and often considered as "residual confounding".\[[@ref8][@ref9][@ref10]\]

We have observed and documented acute yet irreversible renal failure in several CKD patients leading to ESRD.\[[@ref2][@ref11]\] Subsequently, we prospectively investigated this syndrome of acutely rapid onset yet irreversible ESRD further in a 100-patient high-risk CKD cohort, the syndrome of rapid onset ESRD (SORO-ESRD).\[[@ref12]\] This accelerated progression to ESRD from a-priori stable CKD was precipitated by AKI resulting from medical and surgical events that had then quickly and directly led to established irreversible ESRD without any renal recovery.\[[@ref2][@ref11][@ref12]\]

Of the 15 patients with SORO-ESRD first described in 2010, mean age was 68 years, 9 of the 15 (60%) patients were aged 65 years and older and 6 of the 15 (40%) patients were aged 80 years or older.\[[@ref2][@ref11][@ref12]\] These observations suggested that this syndrome was more common in the older adult CKD patient and that such acute yet irreversible ESRD may be related to the changes that occur concurrently in the ageing kidney, otherwise described as renal senescence.\[[@ref13][@ref14]\]

Since this 100 patient cohort was a high-risk CKD cohort because they were recruited into an angiotensin inhibition withdrawal study after demonstrating worsening renal failure while on concurrent angiotensin inhibition, the question had remained unanswered as to what extent this SORO-ESRD phenomenon pertains to the general incident United States (US) ESRD population.\[[@ref2][@ref11][@ref12]\]

From the foregoing therefore, in June 2011, we investigated the serum creatinine trajectories in consecutive 100 adult ESRD patients undergoing out-patient in-center maintenance hemodialysis in a Mayo Clinic Dialysis practice to evaluate the incidence of SORO-ESRD in a general US ESRD population.

Materials and Methods {#sec1-2}
=====================

This is a retrospective analysis of individual patient-level serum creatinine trajectories of the last consecutive 100 adult (18 years and older) ESRD patients undergoing out-patient in-center maintenance hemodialysis in four Northwestern Wisconsin Mayo Clinic Hemodialysis Units.

We analyzed, in June 2011, the serum creatinine trajectories of the last 100 consecutive adult ESRD patients on RRT for ≥90 days in four Northwestern Wisconsin Mayo Clinic Hemodialysis Units. The ESRD patients were on maintenance out-patient in-center hemodialysis in four Mayo Clinic hemodialysis units located in the following cities - Eau Claire, Wisconsin,\[[@ref2]\] Menomonie, Wisconsin\[[@ref1]\] and Barron, Wisconsin.\[[@ref1]\] They were seen and managed in these four Mayo Clinic Hemodialysis units between January 2010 and February 2011.

We have defined SORO-ESRD as the unpredictable, unanticipated and accelerated progression from a-priori stable CKD to irreversible ESRD, all occurring in one continuum of time without renal recovery in between, requiring permanent RRT, following a new episode of AKI, caused by antecedent new medical/surgical events, with the need for RRT usually occurring within 6-12 weeks of the AKI episode.\[[@ref2][@ref11][@ref12]\] Our working definition of SORO-ESRD is any patient with an estimated glomerular filtration rate (eGFR) of ≥30 ml/min/1.73 m^2^, on or before the 90^th^ day preceding initiation of first RRT for renal failure and who thereafter had remained permanently on RRT for over 90 days and beyond without renal recovery, indefinitely.\[[@ref2][@ref11][@ref12]\]

Results {#sec1-3}
=======

Due to incomplete serum creatinine data, 9 patients were excluded from the analysis.\[[@ref2][@ref8][@ref9]\] The remaining 91 ESRD patients included 57 males and 34 females, age range 39-93 years.

Thirty-one of the 91 (34%) ESRD patients satisfied the diagnosis of SORO-ESRD \[[Figure 1](#F1){ref-type="fig"}\]. These 31 SORO-ESRD patients included 18 males and 13 females, mean age 72 (50-92) years. This SORO-ESRD group of 31 patients also included two renal transplant recipients (RTRs) \[[Figure 2](#F2){ref-type="fig"}\]. For all 31 SORO-ESRD patients, the abrupt unanticipated and irreversible SORO-ESRD followed AKI event or events resulting from the following causes-pneumonia,\[[@ref8]\] acutely decompensated heart failure,\[[@ref7]\] pyelonephritis,\[[@ref4]\] post-operative states,\[[@ref5]\] general sepsis,\[[@ref3]\] contrast-induced nephropathy\[[@ref2]\] and others.\[[@ref2]\] Furthermore, the time interval between the precipitating antecedent AKI event and the resulting need for RRT was relatively shorter following surgical AKI, when compared with medical causes of AKI - usually within days to 1 week, following cardiac surgery \[[Figure 1](#F1){ref-type="fig"} -- Bottom\]. The 31 SORO-ESRD patients were older compared with the remaining 60 ESRD patients who were characterized by the more traditionally accepted pattern of a slow progressive time-dependent loss of eGFR over time - 71 ± 12 (49-91) years versus 69 ± 13, (38-93) P NS. Incidentally, we observed that 7 of 31 (23%) SORO-ESRD patients were concurrently on renin angiotensin aldosterone system (RAAS) blockade at the time of the diagnosis of AKI versus 3 of 60 (5%) without SORO-ESRD, *t* (89) =2.587, *P* = 0.0113.

![Composite figure showing the classic chronic kidney disease-end stage renal disease (ESRD) progression pattern of serum creatinine trajectory (top frame) versus the serum creatinine trajectory pattern in another patient with syndrome of rapid onset-ESRD (bottom frame)](IJN-24-75-g001){#F1}

![Trajectory of epidermal growth factor receptor changes in a renal transplant recipient who developed syndrome of rapid onset-end stage renal disease in January 2011 and who subsequently had a second living-related kidney re-transplantation in January 2012 from the son](IJN-24-75-g002){#F2}

Retrospective analysis demonstrated that in all the patients where infections triggered AKI, including pneumonia in 8, pyelonephritis in 4, and generalized sepsis in 2, they all responded to appropriate systemic antimicrobial therapy that was initially broad spectrum and was subsequently adjudicated by culture sensitivity results where applicable. There was a deliberate avoidance of potential nephrotoxic antimicrobials especially the aminoglycosides. Post-AKI, in subsequent follow-up, blood pressure control and blood sugar control among the diabetic patients were generally adequate. In patients on concurrent angiotensin inhibition at presentation, this was promptly discontinued, and where applicable, antihypertensive substitution with calcium channel blockers and vasodilators was the practice as we have described previously.\[[@ref2][@ref11][@ref12]\]

Discussion {#sec1-4}
==========

We conclude that SORO-ESRD is not uncommon among the incident US ESRD population as characterized in this Mayo Clinic Northwestern Wisconsin out-patient in-center chronic hemodialysis population.\[[@ref2][@ref11][@ref12]\] This retrospective analysis of the individual patient-level serum creatinine trajectories of the last 100 incident adult ESRD patients from four Northwestern Wisconsin Mayo Clinic Hemodialysis Units demonstrated an incidence rate of SORO-ESRD of 34%, about a third of the ESRD population. Our recent review of the AKI literature, 1975-2010, had unearthed 16 individual AKI reports that described patients with features consistent with our working diagnosis of SORO-ESRD.\[[@ref2][@ref15]\] Emphatically, an accompanying editorial to one of these 16 studies, published in the Quarterly Journal Of Medicine in 1996, had referred to similar observations of ESRD rapidly following AKI in patients seen at The General Infirmary at Leeds, United Kingdom as "acute irreversible renal failure".\[[@ref16]\] We have concluded that this indeed was a very apt description of the syndrome after which we had coined the new name, the syndrome of rapid onset end stage renal disease, or SORO-ESRD, in 2010.\[[@ref2][@ref11][@ref12][@ref15]\]

We suspect that irreversible terminal acute tubular necrosis was the most likely cause of non-recovery in most of our 31 SORO-ESRD patients. This hypothesis is based on clinical observations as related to paucity of urinalysis findings as well as renal sonographic imaging, where available. Renal biopsy was carried out in only one patient, a RTR and the renal pathology demonstrated acute tubular necrosis, changes of chronic glomerulopathy, but without rejection.

It is important to acknowledge here that in all 31 patients who developed SORO-ESRD in this study, the kidney function prior to the AKI insult that precipitated the acute yet irreversible ESRD was otherwise stable. The examination of individual patient-level serum creatinine trajectories of the 31 SORO-ESRD patients demonstrated that serum creatinine values were indeed stable and that eGFR was not declining, prior to the onset of AKI and subsequent development of SORO-ESRD. Such data from four of the 31 patients are shown in the composite figure and it is evident that up until prior to the AKI event that precipitated SORO-ESRD, serum creatinine and therefore eGFR was stable and not changing \[[Figure 3](#F3){ref-type="fig"}\]. These findings are consistent with our working diagnosis of SORO-ESRD as rapid unanticipated irreversible ESRD following rapidly on AKI in otherwise a-priori stable CKD patients.\[[@ref2][@ref11][@ref12]\]

![Composite figure showing stable patterns of pre-acute kidney injury serum creatinine trajectories in 4 of the 31 syndrome of rapid onset end stage renal disease (SORO-ESRD) patients, a pattern that is applicable to all 31 SORO-ESRD patients](IJN-24-75-g003){#F3}

Most importantly, in the more recent nephrology literature, 2011-2012, we have further identified three corroborating new reports that have further substantiated our recent reports of SORO-ESRD.\[[@ref17][@ref18][@ref19]\] These three new reports have each further demonstrated that a significant proportion of the incident adult ESRD population in both the US and Canada, respectively, satisfy the diagnostic criteria for our newly described SORO-ESRD.\[[@ref17][@ref18][@ref19]\]

In a 2011 report, Lee *et al*., studied all consecutive patients initiated on maintenance hemodialysis or peritoneal dialysis over several years at two dialysis units.\[[@ref17]\] According to the investigators, rapid decline in kidney function to ESRD was considered to have occurred if a patient was documented to have estimated GFR \>30 ml/min/1.73 m^2^ within 3 months prior to the initiation of chronic dialysis.\[[@ref17]\] Incidentally, we must observe here that their definition very closely mirrored our standard definition of SORO-ESRD.\[[@ref2][@ref11][@ref12][@ref17]\] Lee *et al*., revealed that 8 of 105 incident chronic dialysis patients in one dialysis unit (7.6%; 95% confidence interval \[CI\] 3.4%-14.5%) and 9 of 71 incident patients at another dialysis unit (12.7%, 95% CI 6.0%-22.7%), suffered rapid decline in kidney function that was the immediate precipitant for the need for permanent renal RRT\[[@ref17]\] These observations translate to a SORO-ESRD incident rate in this Northern California hemodialysis unit of 15 of 176 or 9%.\[[@ref17]\] It is noteworthy to observe that all these patients with rapid irreversible ESRD or SORO-ESRD were started on hemodialysis for RRT, and that all 15 had relied on hemodialysis catheters for initial vascular access.\[[@ref17]\] The authors of this report also observed that the patient-level data documentation submitted to the United States Renal Data System (USRDS) did not fully reflect the health status of these patients during their "pre-ESRD" period.\[[@ref17]\] As we have continued to argue, the absence of patient-level serum creatinine trajectories in the USRDS database would not allow for an analysis of the USRDS database to estimate the nation-wide incidence of this SORO-ESRD in our incident US ESRD population.\[[@ref2][@ref11][@ref12]\] This deficiency in the USRDS database had informed the recent paradigm whereby some eminent nephrologists from around the world, including the US, South America, Europe and the United Kingdom, Africa including Nigeria and Asia and the Indian subcontinent, recently met in Vancouver, Canada, in 2011, at the World Congress of Nephrology Annual Meeting and established "The SORO-ESRD World-wide Consortium" to further investigate this newly described syndrome on a world-wide platform.\[[@ref2]\]

Similarly, O'Hare *et al*., analyzed the trajectories of eGFR during the 2-year period before dialysis initiation in 5,606 Veterans Affairs patients who initiated long-term dialysis between 2001 and 2003.\[[@ref18]\] In this report, 9.5% of the ESRD patients had accelerated loss of eGFR from levels \>60 ml/min/1.73 m^2^ (mean eGFR slope, 32.3 ± 13.4 ml/min/1.73 m^2^ per year) and another 3.1% experienced catastrophic loss of eGFR from levels \>60 ml/min/1.73 m^2^ within 6 months or less to reach irreversible ESRD.\[[@ref18]\] The authors of this report had concluded that there was substantial heterogeneity in patterns of kidney function loss leading up to the initiation of long-term dialysis, perhaps calling for a more flexible approach toward preparing for ESRD.\[[@ref18]\] Our *post-hoc* analysis of this Seattle report demonstrated a SORO-ESRD incidence rate in this population of 5,606 Veterans Affairs ESRD patients of 12.6%.\[[@ref18]\]

In addition, in a 2012 Canadian report, Siddiqui *et al*., had described the increasing use of acute dialysis after cardiac surgery in the period 1995 to 2009 and had demonstrated that the incidence of acute dialysis had increased steadily from 0.2% in 1995 (95% CI 0.15-0.2) to 0.6% in 2009 (95% CI 0.6-0.7).\[[@ref19]\] Moreover, this study had validated that among the 1294 patients who received acute dialysis and survived beyond 90 days, 352 patients subsequently required chronic dialysis (27.2%, 95% CI 24.8-29.7).\[[@ref19]\] We have deduced, from a *post-hoc* analysis of this study that the majority of the cohort of 352 patients requiring chronic dialysis following post-operative AKI had developed SORO-ESRD, giving a SORO-ESRD incidence rate of 16%.\[[@ref19][@ref20]\]

We conclude that SORO-ESRD is not uncommon among incident adult ESRD patients on maintenance hemodialysis in the US and in Canada.\[[@ref2][@ref11][@ref12][@ref15][@ref17][@ref18][@ref19][@ref20]\] SORO-ESRD accounted for 34% of the incident ESRD patients in a Mayo Clinic chronic ESRD population,\[[@ref2][@ref11][@ref12]\] 9% of a Northern California incident ESRD population,\[[@ref17]\] 12.6% of the Seattle Washington Veterans Affairs incident ESRD population\[[@ref18]\] and 16% of the Canadian incident ESRD population,\[[@ref19][@ref20]\] respectively. The implications of this phenomenon of the SORO-ESRD with regards to ESRD care planning, AV Fistula first programs and overall CKD care in general, are huge and warrant further study.\[[@ref2][@ref11][@ref12][@ref16][@ref17][@ref18][@ref19]\] For example, in the Northern California study, all 15 patients with SORO-ESRD had started hemodialysis using hemodialysis catheters because there was no time for arteriovenous Fistula (AVF) planning in the first instance.\[[@ref17]\] If SORO-ESRD is shown to be this prevalent among the general incident US (and world-wide) ESRD population in multi-center studies, major paradigm shifts must be warranted in the way we practice nephrology both here in the US and around the world.\[[@ref2][@ref11][@ref12][@ref17]\] Maybe, as suggested by Lee *et al*., the USRDS may begin to request for more "pre-ESRD" patient-level data from submitting Nephrologists.\[[@ref17]\]

We must acknowledge here that the impact of AKI in CKD-ESRD progression and pathogenesis remains fertile grounds for ground-breaking research.\[[@ref2][@ref21]\] Furthermore, subgroup analysis of the 31 SORO-ESRD patients versus the 60 who developed classic ESRD revealed that 9 of 31 (29%) SORO-ESRD patients were 80 years and older. This was not any different from the 17 of 60 (28%) patients who developed classic ESRD. The only evident different characteristics observed between these two sub-groups of 80 and over was the higher exposure to angiotensin inhibition in the SORO-ESRD group (4 of 9 \[44%\] vs. 1 of 17 \[6%\], 2 tailed *Z*-test, *P* = 0.019). Overall, 7 of 31 (23%) SORO-ESRD patients were concurrently on RAAS blockade at the time of the diagnosis of AKI versus 3 of 60 (5%) without SORO-ESRD, *t* (89) =2.587, *P* = 0.0113. The plausible contribution of older age and the role of exposure to nephrotoxics, potentially including angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers, to the incidence of SORO-ESRD remain speculative at this point and require further study.\[[@ref2][@ref11][@ref12][@ref13][@ref14]\] From this analysis, we submit that there is some plausible role for nephrotoxics including RAAS blockade in the exacerbation of renal outcomes with AKI on CKD.\[[@ref2][@ref11][@ref12][@ref21][@ref22][@ref23]\]

We would submit that our findings from this study only further strengthen our previous calls for more research efforts into preventative nephrology practices, especially our recently described the concept of renoprevention.\[[@ref24]\] Renoprevention is the preemptive withholding of nephrotoxics including RAAS blockers, the aggressive prevention of perioperative hypotension, the avoidance or minimalization of nephrotoxic exposure from iodinated contrast and relevant antibiotics, during critical illness and in the peri-operative period.\[[@ref15][@ref24][@ref25][@ref26]\] Such a paradigm, it is hoped, will consequently lead to less AKI events and therefore potentially less SORO-ESRD, better patient outcomes and significant dollar savings as we have demonstrated in a recent analysis in the critical care unit of a Northwestern Wisconsin Mayo Clinic Health System hospital.\[[@ref15][@ref25]\] Such needed paradigm shifts would constitute major rethinking in current nephrology practices, a form of nephrology practice reengineering.\[[@ref2][@ref15][@ref24][@ref25][@ref26]\]

Besides, the possible interplay of renal senescence and changes in the renal anatomy with ageing such as senile hypofiltration (glomerulosclerosis, mesangial expansion) and renal vascular changes (renal atherosclerosis, vascular dysautonomy, arteriole subendotelial hyalinosis, aglomerular circulation) and the pathogenesis of this SORO-ESRD in the older (\>65 year old) adult CKD patient is of major research interest to our group.\[[@ref13][@ref14]\] The fact that in our first report of SORO-ESRD in 2010, older age appeared to be a significant pathogenetic factor in the development of the syndrome is again acknowledged.\[[@ref2][@ref11][@ref12]\] The finding in this study that the 31 SORO-ESRD patients versus the remaining 60 classic ESRD patients were older, further strengthened this hypothesis of renal ageing and renal senescence being risk factors for this previously unrecognized syndrome. These observations call for more research in these directions and may imply that the older CKD patient may necessarily be treated differently especially with respect to the use of certain potentially nephrotoxic agents including the RAAS blocking agents.\[[@ref2][@ref11][@ref12][@ref13][@ref14][@ref22][@ref23][@ref27]\] We have posited the question: Does the older CKD adult patient demand to be treated any differently from the younger CKD patient? The answers remain to be determined.

There are several plausible explanations that could justify why SORO-ESRD is commoner among our older or aged patients.\[[@ref2][@ref11][@ref12][@ref13][@ref14]\] On one hand, there are several structural and physiological changes in the aged kidney, such as senile renal blood flow reduction, artery atherosclerosis (renal arterial stenosis) and vascular dysautonomia (impaired vascular autoregulation), which can worsen renal parenchymal ischemia when the aged patient is exposed to hypovolemia (dehydration) or other renal insults (sepsis, cardiac failure).\[[@ref13][@ref14]\] Besides, GFR reduction secondary to senescence (senile glomerulosclerosis), could represent a risk of installing SORO-ESRD in states of hemodynamic instability, particularly in the oldest old.\[[@ref28]\] Moreover, aging tubular cells may be more vulnerable to ischemic injury because cellular antioxidant defenses decline with age and oxidant injury may be a critical determinant of ischemic acute renal failure.\[[@ref13][@ref14][@ref28]\] What\'s more, it was also documented that an increased propensity to vasoconstriction may enhance susceptibility of old kidney to toxic substances.\[[@ref28][@ref29][@ref30]\] This senile tubular frailty predisposes the aged kidney to easily develop acute tubular necrosis, as well as to delay its functional recovery, thus predisposing to the prolonged acute tubular necrosis, or even non-recovery that is usually observed during acute renal failure in elderly patients.\[[@ref28][@ref29][@ref30]\] Furthermore, renal and hepatic senescence, as well as polypharmacy make old people more susceptible to develop severe acute renal failure when they receive potential nephrotoxic substances such as non-steroidal anti-inflammatory or radio-contrast, which for different reasons are more frequently prescribed in this age group.\[[@ref28][@ref30][@ref31]\]

Regarding ACE inhibitors and angiotensin receptor blockers, even though these drugs are widely used for renoprotection in CKD, it must be taken into account that they can induce acute renal failure in those patients who suffer from disorders, prevalent in the elderly, in which maintenance of GFR is highly dependent on an angiotensin II-mediated efferent vasoconstriction.\[[@ref2][@ref11][@ref12][@ref32][@ref33][@ref34]\] This is true for patients with bilateral renal artery stenosis, renal artery stenosis in a solitary kidney, congestive heart failure and severe renal failure, especially when they are volume depleted.\[[@ref32]\] Finally, several causes of rapidly progressive glomerulopathies, which are frequent among the older patient, such as crescentic glomerulonephritis, systemic vasculitis, atheroembolic disease, could be another causal mechanism of SORO-ESRD in this older population.\[[@ref35]\]

Lastly, the fact that 2 of the 31 (6%) of the SORO-ESRD patients in our present study were RTRs raises another significant concern -- to what extent is renal allograft loss attributable to this SORO-ESRD?.\[[@ref2][@ref8][@ref9][@ref36]\] The full details of the presentations of these two RTRs who developed SORO-ESRD, one of whom was re-transplanted in January 2012, a year after developing SORO-ESRD, with a living related renal allograft from her 32-year old son at Mayo Clinic, Rochester, the first such report of SORO-ESRD among RTRs, has just been published in this journal, the Indian Journal of Nephrology, in 2013.\[[@ref36]\] These unanswered questions call for further research and urgent answers.

In closing, we must observe that despite decades of painstaking research into the dynamics, processes and mechanisms of CKD-ESRD propagation and progression, the medical community remains at a loss in understanding the nuances of these translations.\[[@ref1]\] The common CKD staging classification represents an assumed and arguably untested paradigm that in our opinion, had certainly increased awareness of CKD, without truly advancing our knowledge in this field of medicine, nor have we been able to make any major break-through achievements in improving CKD outcomes.\[[@ref37]\] Tragically, this approach may be counter-productive as it continues to buttress the notion that CKD is a homogenous clinical entity and that all "CKD is equal."\[[@ref37]\] This notion is so much further from the truth.\[[@ref37]\] We suggest a complete reappraisal of current nephrology practices and to begin to develop new models of CKD care that correctly recognize the diversity of CKD as representative of a wide spectrum of disease states.\[[@ref37]\] Most appropriately, Bansal and Hsu, in a 2008 analysis of the long-term outcomes of patients with CKD had strongly echoed the observation that the disparate ESRD and mortality rates in various CKD populations as reported by various studies in the literature only emphasized the heterogeneity of different CKD populations.\[[@ref38]\] Nephrologists must not rely on CKD staging alone to direct management of or risk-stratification of patients with CKD, in general, but must always consider the etiology and rate of progression of kidney disease, patient age and a wide array of cardiovascular disease risk factors.\[[@ref37]\] The overarching need to always individualize CKD care cannot be overemphasized as CKD represents a whole wide spectrum of distinctly different clinical disease entities, with each individual patient often subject to a multitude of aggravating factors, some of which often remain unrecognized.\[[@ref2][@ref11][@ref12][@ref37][@ref38]\] This is in fact how we practice medicine - one patient and only one patient at a time.\[[@ref37]\]
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